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after enteric colonization. Table 1 summarizes previous cases of
L. monocytogenes infection of the liver. Three patterns of liver
infection have been described: solitary liver abscess, multiple
liver abscesses and acute hepatitis. Our case, as with those
previously reported, corresponds to a patient whose only
known risk factor was diabetes mellitus and who presented with
a solitary liver abscess with neither associated bacteremia nor
meningitis. The outcome was completely favourable after sur-
gical drainage and antibiotic treatment with ampicillin and
gentamicin. On the other hand, in the cases of liver involve-
ment with multiple abscesses, the clinician may need to exercise
more caution since the outcome involves increased morbidity
and mortality.
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Isolation of verotoxigenic strains of Escherichia coli O26 in Poland
Verocytotoxin-producing strains of Escherichia coli (VTEC) are
causes of diarrheal illness and hemolytic uremic syndrome in
humans. The most common serotype of VTEC is E. coli
O157:H7, which does not ferment sorbitol and does not pro-
duce b-glucuronidase, in contrast to other E. coli strains.
In this study we searched for VTEC strains in 359 unselected
stool samples routinely submitted for culture to the Department
of Microbiology of the Medical University. Stool samples were
obtained from patients with diarrhea or gastroenteritis (175
adults and 184 children). All specimens were cultured for
enteric pathogens by established bacteriologic techniques. From
each sample, about 20 separate colonies, presumed on the basis
of lactose fermentation and colony morphologic features to be
E. coli, were picked from MacConkey agar plates and sub-
cultured on sorbitol–MacConkey agar in order to isolate E. coli
O157: H7 [1,2]. The same colonies were plated on tryptone–
soya agar supplemented with 5% sheep erythrocytes washed
three times in phosphate-buffered saline (PBS) in order to
isolate enterohemolysin-producing strains of VTEC, and on
tryptone–soya agar supplemented with unwashed sheep
erythrocytes for detection of other hemolysins [3]. Since most
verocytotoxin-producing E. coli strains show a lack of b-glu-
curonidase activity, all the examined isolates were tested in a
rapid fluorogenic assay in accordance with Thompson et al [4].
This assay used 4-methylumbelliferyl-glucuronide (MUG) as
an indicator, which is hydrolyzed to a fluorogenic product by
the enzyme b-glucuronidase. The test reaction was performed
in a microdilution 96-well U plate. Fifty microliters of MUG
reagent was dispensed to wells, and a loopful of pure isolate was
emulsified into MUG to produce a milky suspension. The
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MUG reactions were read after 20 min of incubation at 37 °C
by using a long-wave UV lamp in a darkened room. A positive
reaction was indicated by blue fluorescence.
Among 7180 strains isolated from 359 stool samples, we did
not find sorbitol-negative strains of E. coli O157:H7, and all
the isolates were MUG positive. One hundred and twenty-one
isolates were hemolysin-producing: 119 (98.3%) of them were
a- and/or b-hemolysin-producing, and two (1.6%) strains were
enterohemolysin-producing (small and turbid zone of hemo-
lysis detectable after 24 h of incubation on tryptone–soya agar
with washed erythrocytes). The two enterohemolysin-pro-
ducing strains were identified as E. coli by standard biochemical
tests IDGN 32 (bioMerieux S.A., Marcy L’Etoile, France) and
they were serotyped using antisera for E. coli somatic antigens
for serogroups A, B, C and for E. coli O157. The two strains
belonged to the E. coli O26 serogroup (we did not identify
flagellar antigens).
We have received from our laboratory two other strains of
E. coli O26 isolated from other patients with diarrhea. Neither
of these strains was a hemolysin producer, and they were both
sorbitol positive. The four strains of E. coli O26 were further
investigated for verocytotoxicity and the presence of verotoxin
genes [5,6]. For production of verocytotoxins, bacteria were
grown for 24 h in tryptone–soya broth, and, after overnight
incubation at 37 °C, the broth cultures were centrifuged for
15 min at 1400 g and supernatants were assayed on cell lines.
Vero and HeLa cells were grown in RPMI medium with
glutamine supplemented with 5% heat-inactivated bovine
serum and 100 mL of gentamicin sulfate per mL. Confluent
monolayers were removed with trypsin–EDTA, washed in
RPMI medium (100 g for 10 min) and suspended to 4  105
cells/mL in RPMI medium. A 100-mL volume of Vero and
HeLa cells was pipetted into each well of 96-well microdilution
plates (NUNC A/S) and 10 mL of toxin preparation was added.
Each sample was tested in duplicate. Plates were incubated in
5% CO2 at 37 °C for 72 h. Monolayers were checked daily for
cytotoxic activity with an inverted microscope.
For detection of VT1, VT2 and eae sequences by PCR [6],
20 mL of bacteria broth culture was added to 1 mL of saline,
centrifuged and suspended in 1 mL of distilled, sterile water.
After incubation at 96–98 °C for 7 min and centrifugation, the
supernatant was used in the PCR reaction. Base sequences
Table 1 Primers used in PCR to
amplify specific fragments
from genes for VT1, VT2, and eae
Primer Oligonucleotide sequences (5?–3?) Size of amplified products (bp)
VT1a GAAGAGTCCGTGGGATTACG
VT1b AGCGATGCAGCTATTAATAA 130
VT2a TACACAGGAGCAGTTTCAGACAGT
VT2b ACCGTTTTTCAGATTTT(AG)CACATA 298
eae-1 CACACGAATAAACTGACTAAAATG
eae-2 AAAAACGCTGACCCGCACCTAAAT 376
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and sizes of amplified products for the specific oligonucleotide
primers used in the study are shown in Table 1. Amplification of
bacterial DNA was performed using 28-mL volumes containing
5 mL of the prepared supernatant sample, 0.7 mM of each oligo-
nucleotide primer, 200 mM of each dNTP, PCR buffer at a
final concentration of 1.5 mM MgCl2 and 2 mL of shark poly-
merase (1 U). All used PCR reagents were produced by Gdan´sk
(Poland). The amplification was performed in a thermal cycler
(PCT—150 Mini Cycler, MJ Research, Inc., Watertown, Mas-
sachusetts, USA) at 96 °C for 4 min, followed by 30 cycles at
94 °C for 20 s, 55 °C for 20 s, and 72 °C for 7 min. The ampli-
fied product was visualized by standard submarine gel elec-
trophoresis. Amplified DNA fragments of specific sizes were
located by UV fluorescence after staining with ethidium
bromide. A molecular size marker (pUC 10/Mspl) was included
in each gel.
PCR analysis showed that the four examined E. coli O26
strains carried VT2 and eae genes. Two of these strains (entero-
hemolysin-producing) were found to be toxic for Vero and
HeLa cell lines after 24 h. Two other strains of E. coli O26
which did not produce the enterohemolysin did not show
cytotoxicity for cell lines. All the E. coli O26 strains were
isolated from children with diarrhea (2 and 7 months, and two
1-year-old children) housed in the no. 2 Wroclaw university
hospital. The diarrhea was without gross blood, and none of
the children developed hemolytic uremic syndrome. After a
few days, the children recovered.
In our study, we did not show the presence of sorbitol-
negative E. coli O157 strains in 359 stool samples examined.
Since VTEC is characterized by its seasonal pattern, with a peak
from June through September [7], it is probable that this was a
reason why we did not find sorbitol-negative strains of E. coli
O157, as we examined stool samples from October 1997
through May 1998. On the other hand, there are reports of
sorbitol-positive E. coli O157 strains isolated in Germany [8].
Geographic location and frequent migration of people between
Poland and Germany make it probable that sorbitol-positive
strains of E. coli O157 exist in Poland. In such cases, sorbitol–
MacConkey agar appeared to be insufficient for detection of
these strains. The detection of enterohemolysin production
could be helpful in such cases, but not all VTEC strains produce
enterohemolysins. Surprisingly, although all the examined E.
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coli O26 strains harbored VTs genes, two of them were not
cytotoxic for Vero and HeLa cell lines. Perhaps both strains
elaborate very low quantities of verotoxins, or verotoxin genes
were not expressed under the laboratory conditions of growth.
The results of this study showed the presence of vero-
cytotoxin-producing strains of E. coli O26 in Poland; never-
theless, further studies are needed to determine the presence of
sorbitol-positive and sorbitol-negative VTEC strains.
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High frequency of reduced susceptibility to penicillin in serogroup
29E meningococci
Penicillin remains one of the most widely used therapies for
treating meningococcal disease. Neisseria meningitidis was
extremely susceptible to penicillin. However in the last decades
meningococcal isolates with decreased susceptibility to peni-
cillin have been reported in several countries [1,2]. Minimum
inhibitory concentrations (MICs) for moderately resistant iso-
lates are 2- to 20-fold higher than those of fully susceptible ones
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Table 1 Distribution of meningoccal strains by serogroup
B C W-135 Y Z X 29E Ng*
First survey 519 89 – 7 7 7 6 154
Second survey 273 33 2 6 3 5 17 106
*Strains which could not be included in any group.
( 0.12 mg/L). Two meningococcal carrier surveys were made
in Galicia (Spain) between 1996 and 1998 [3]. Table 1 shows
the distribution by serogroups of the meningococci isolated
from those studies. The susceptibility to penicillin of the men-
ingococcal carrier strains was determined. We used the agar
dilution method, in Mueller Hinton agar (Difco Laboratories,
Detroit, MI, USA), with a final inoculum of 105 CFU. The
MICs doubling dilution range tested was 0.007–2 mg/L. Cul-
tures were incubated for 24 h at 37 °C under a 5% carbon
dioxide atmosphere. The plates were read manually and the
MIC was defined as the lowest concentration at which no
growth was visible on the agar plates.
The highest proportion of meningococci that were mod-
erately resistant to penicillin was found among serogroup 29E
meningococcal strains. In the first survey 83% of 29E serogroup
isolates showed MIC  0.12 mg/L, and 64% in the second
study. The proportion of meningococci with this pattern of
susceptibility to penicillin (MIC  0.12 mg/L) among the
others serogroups ranged betweeen 0% (serogroups X and Y)
and 64% (serogroup C) in the first survey and between 0%
(serogroup Y) and 51% (serogroup C) in the second study (Data
not shown).
This higher proportion of moderate resistance to penicillin
in the strains of 29E serogroup might be due to a clonal spread
of resistant isolates.
In species with a significant level of recombination, such as
Neisseria, it is important to be careful in using traditional mark-
ers, such as serogroup or antibiotic resistance, when trying to
determine how the resistance has spread. However this dis-
tinction can be achieved using methods such as pulsed field
gel electrophoresis (PFGE), ribotyping or multilocus enzyme
electrophoresis, as these are able to determine relatedness
between isolates [4].
In order to index the overall relationships between N. men-
ingitidis 29E isolates the chromosomal DNA from 20 isolates
(14 moderately resistant and six susceptible to penicillin) was
digested with BglII and analysed by PFGE according to the
conditions described previously [5]. Seventeen different band-
ing patterns were found. Estimates of genetic relationships
among serogroup 29E meningococcal strains showed extensive
genetic diversity. Strains that are moderately resistant to peni-
cillin were no less diverse than the sensitive isolates. Figure 1
shows the dendrogram obtained from the different profiles
